Cue reactivity to natural and social rewards is essential for motivational behavior. However, cue reactivity to drug rewards can also elicit craving in addicted subjects. The degree to which drug and natural rewards share neural substrates is not known. The objective of this study is to conduct a comprehensive meta-analysis of neuroimaging studies on drug, gambling and natural stimuli (food and sex) to identify the common and distinct neural substrates of cue reactivity to drug and natural rewards. Neural cue reactivity studies were selected for the meta-analysis by means of activation likelihood estimations, followed by sensitivity and clustering analyses of averaged neuronal response patterns. Data from 176 studies (5573 individuals) suggests largely overlapping neural response patterns towards all tested reward modalities. Common cue reactivity to natural and drug rewards was expressed by bilateral neural responses within anterior cingulate gyrus, insula, caudate head, inferior frontal gyrus, middle frontal gyrus and cerebellum. However, drug cues also generated distinct activation patterns in medial frontal gyrus, middle temporal gyrus, posterior cingulate gyrus, caudate body and putamen. Natural (sexual) reward cues induced unique activation of the pulvinar in thalamus. Neural substrates of cue reactivity to alcohol, drugs of abuse, food, sex and gambling are largely overlapping and comprise a network that processes reward, emotional responses and habit formation. This suggests that cue-mediated craving involves mechanisms that are not exclusive for addictive disorders but rather resemble the intersection of information pathways for processing reward, emotional responses, non-declarative memory and obsessive-compulsive behavior. & 2016 Elsevier B.V. and ECNP. All rights reserved. 
Introduction
Craving is a critical and ambiguous psychiatric term that in its core refers to a subjective state of urge or desire to gain pleasure (positive reinforcement) or to terminate distress (negative reinforcement) from drug use or other activities (Wise, 1988) . This phenomenon is often associated with neurophysiological response patterns to an acute presentation of stimuli also referred to as "cue reactivity" (Drummond, 2000; Sinha, 2013) .
Despite the numerous issues involved in the conceptualization of craving (Wise, 1988; Sinha, 2013) , the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) now includes craving as a diagnostic criteria for alcohol and substance use disorders (AUD and SUDs) (Cherpitel et al., 2010) . However, craving remains to be an ill-defined term, especially if it comes to the underlying neurobiolological mechanisms. As said neural cue reactivity captures at least one dimension of craving and as such a quantitative and comprehensive evaluation of the neurobiological substrates of cue reactivity across all drug and natural rewards may provide a better understanding of the neurobiological underpinnings of craving. In addition comprehensive metaanalyses of cue reactivity across all drug and natural rewards will also provide a reliable framework to define cue-mediated craving by objective measures and dimensions. Studies concerning with cue reactivity paradigms commonly assume that the experiments reflect cuemediated craving and assume that drug, sexual desire and food may share common neural pathways (Childress et al., 1999; Garavan et al., 2000) .
In the past two decades, a growing number of studies have utilized functional neuroimaging techniques such as functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and single-photon emission computed tomography (SPECT) to characterize the cueinduced neural response patterns in healthy and addicted individuals. While numerous meta-analyses have restrictively investigated the activation patterns and influencing factors for specific stimulus types (Kuhn and Gallinat, 2011a; Engelmann et al., 2012; Heckman et al., 2013; Schacht et al., 2013; Wray et al., 2013; Hanlon et al., 2014; Chase et al., 2011) and occasionally across different cues (Kuhn and Gallinat, 2011b; Tang et al., 2012) , no attempts have been made yet to provide a robust and comprehensive characterization of the specific features of drug-and natural cues in order to identify the universal substrates of cue reactivity in general. Such a global analysis is critical to evaluate whether cue reactivity constitutes an appropriate and one-dimensional indicator of AUD and SUDs (and gambling). Furthermore it enables us to ultimately construct quantitative approaches towards the ambiguous term craving based on neurobiological measures.
Therefore, the aim of the present study is to conduct validated and comprehensive meta-analyses following MOOSE (Meta-analysis Of Observational Studies in Epidemiology) guidelines (Stroup et al., 2000) to assess the common and distinct neural activation patterns across all previously published functional neuroimaging studies of drug (alcohol, cocaine, nicotine, heroin and cannabis), natural (sexual, food), and gambling cue reactivity using the activation likelihood estimation (ALE) approach (Turkeltaub et al., 2002) . This approach provides weighted averages of stereotactic coordinates of clusters with respect to each particular cue. In addition, we performed a twostep clustering technique to identify brain regions that either directly overlap or converge for different stimulus types and to determine group differences in activation patterns between drug-induced and natural cue reactivity.
To evaluate the methodological quality of the primary research underlying the meta-analyses and minimize the biases (Laird et al., 2005) , an 83-item checklist (Poldrack et al., 2008) was used. Furthermore, sensitivity analyses were performed to estimate the level of robustness of the meta-analyses with respect to demographic and experimental parameters.
Experimental procedures 2.1. Search strategy
The online portal of the National Library of Medicine (http://www. ncbi.nlm.nih.gov/pubmed/) including PubMed, PubMed Central and MEDLINE was used as the platform for literature research. A systematic screening of the original research articles published until March 2015 was performed based on the keywords: alcohol (OR) Ethanol (OR) 
cannabis (OR) THC (OR) joint (OR) cocaine (OR) crack (OR) amphetamine (OR) methamphetamine (OR) nicotine (OR) smoking (OR) smoke (OR) tobacco (OR) cigarettes (OR) heroin (OR) opiates (OR) food (OR) sex (OR) sexual (OR) gamble/gambling (OR) gaming (OR) internet (AND) addiction (OR) dependence (OR) abuse (OR) consumption (OR) craving (AND) cue (OR) stimulus (OR) stimuli (OR) reactivity (AND) fMRI (OR) PET (OR) neuroimaging (OR)
SPECT. In addition, the reference sections of identified papers as well as review and meta-analysis articles were then screened for further relevant citations.
Study selection
Reviewers, in pairs, independently screened titles and abstracts of articles and reviewed the full-text of any title or abstract deemed potentially eligible by either reviewer. Reviewers resolved disagreements by discussion. Among these studies, only peer-reviewed original research articles in English language were chosen for data mining if they provided analysis of brain responses (i.e. exact coordinates or explicit identification of the reactive brain regions) to drug and natural stimuli either within a pathological user group or between such individuals and control subjects or in case of natural cues within a group of healthy individuals. All pathological users fulfilled DSM-IV criteria for alcohol or drug dependence and no other axis I disorders. Pathological gamblers were either currently under treatment or met at least five of the ten criteria for pathological gambling provided by DMS-IV. Pathological gamers had to meet at least three of the six criteria of computer game addiction (Grüsser and Thalemann, 2006) : craving, impaired control of playing, withdrawal, development of tolerance, progressive neglect of other pleasures and playing despite harmful consequences. Exclusion criteria for both groups as well as individuals exposed to natural rewarding stimuli were: lifetime diagnosis of schizophrenia or psychotic episodes; diagnosis of manic disorder, obsessive-compulsive disorder, alcohol use disorders, substance dependent disorder or post-traumatic stress disorder; treatment for mental disorders other than pathological gambling in the past 12 months; use of psychotropic medication; history or current treatment for neurological disorders, major internal disorders, brain trauma, or exposure to neurotoxic factors. Treatment studies were included if they provided pre-treatment scans of cue reactivity or if a group of drug dependent individuals received placebos. Individuals with multiple dependencies were categorized primarily with respect to the cues presented. Abstracts and unpublished studies were not included. Authors were contacted if critical information was missing or only partially provided in their articles.
Quality assessment
Pairs of reviewers independently assessed the risk of bias and the reporting quality of individual studies by means of the 83-item checklist adapted from the guidelines for reporting an fMRI study (Poldrack et al., 2008) . To achieve a consistent quality assessment strategy for PET and SPECT studies, the section of the checklist on the intra-subject modeling info, which is by default defined for fMRI studies, was modified. A minimum score of 15 out of 83 was assumed as an inclusion criterion.
Outcomes and effect modifiers
The primary outcome was the stereotaxic coordinates of brain regions responding significantly to specific cue exposure. If the coordinates of activated brain areas were not provided, then the congruent brain regions were identified within the Talairach Daemon atlas (Lancaster et al., 2000 (Lancaster et al., , 1997 and the coordinates were calculated a posteriori as the center of mass (centroid) coordinates of the corresponding atlas regions. Secondary outcome was the stimulus type (visual, auditory, haptical, olfactory or any combination thereof). Abstinence period from the drug of abuse, age, gender, body mass index, sexual orientation, status as patient, cue paradigm, analysis type (whole brain analysis vs. region of interest approach) and machine power were considered as effect modifiers.
Data extraction
The following variables and parameters were extracted from relevant publications into a standardized template and used for further analysis:
1. 
Meta-analyses of functional neuroimaging observations
The meta-analyses were conducted with the revised version (Eickhoff et al., 2009 ) of the ALE approach (Turkeltaub et al., 2002; Laird et al., 2005) , using the GingerALE (v2.0.4) software package (available at http://brainmap.org/ale). ALE assesses the overlap between coordinates of significant neural responses reported in different studies by modeling them as spatial probabil ity (Gaussian) distributions centered at the respective coordinates. To enable localization of results to Brodmann areas (BAs), which are only defined in Talairach space (Talairach and Tournoux, 1988) , coordinates from studies reported in MNI space were transformed to Talairach space using the icbm2tal algorithm (Lancaster et al., 2007) . To restrict meta-analytic results to gray matter, ALE analyses were constrained by a gray matter mask (Evans et al., 1994) , and were thresholded at a voxel-wise po0.05 (FDR corrected for multiple comparisons), with clusters4200 mm 3 . Peaks of the result ing clusters were labeled by reference to the Talairach Daemon atlas, and all clusters were displayed on a single-subject Talairach template.
Due to the lack of consistent reporting (o20% of studies) on the direction of changes in the neuronal activity, the ALE results on the alterations in neuronal activity are presented with no specification in terms of up-or down-regulation.
Statistical analysis
In order to assess the impact of inclusion of any partially nonindependent study on the results, jackknife analyses were conducted iteratively. For a specific cue, each partially nonindependent study was excluded and the density statistics of the significant clusters were recalculated. Subsequently, χ 2 test or Fisher exact test was performed between the original and the leave-one-out recalculated density statistics. Since no individual study affected the overall statistics, the presented results are based on all studies. Moreover, regression analyses were performed to investigate the relationship between the number of significant clusters (as a topological measure of neuronal response patterns) and moderating variables given by study specifics such as the sample size and the number of reported foci. In addition, OFAT (one-factor-at-a-time) sensitivity analyses were performed a posteriori to ensure the robustness of the meta-analysis results with respect to clinical and demographic (gender, sexual orientation, risky or compulsive sexual behavior and body mass index) as well as experimental (cue type and paradigm) factors. Thereby, ALE was applied on the proportion of studies within each clinical, demographic and experimental subgroup and differences between the proportions were tested between groups. Since numerous studies did not report the duration of abstinence from the drugs at the time of scanning, an accurate sensitivity analysis could not be conducted with respect to this important factor.
To discover common response patterns of drug and natural cue reactivity datasets derived from the literature, we applied two different methods: 1) conjunction analysis and 2) a two-step clustering algorithm (Chiu et al., 2001 ) using IBM SPSS statistics software. The conjunction was determined by overlaying the resulting ALE maps for drugs and natural cues onto an anatomical template in Talairach space in SPM8 (Welcome Trust Centre). This conjunction does not constitute a statistical test but depicts regions of overlap.
Results

Individual study and overall estimates
Searches of the electronic databases identified 5102 unique abstracts, titles, or both identified as original publications. The gray literature search (i.e. searching the reference sections of identified papers, reviews and meta-analyses) identified 48 additional articles. 768 research articles proved potentially relevant for full-text review and 176 articles (providing data from 5573 individuals) were selected for the meta-analysis based on the inclusion criteria. A flow diagram of the study selection process is represented in Figure 1 .
These studies comprised 3016 cases (drug/gambling addicted in-and outpatients and volunteers) exposed to drug or gambling and neutral cues, 1730 non-addicted subjects exposed to natural (sexual stimuli and food cues) and neutral cues and 827 controls with no drug abuse history exposed coherently to the same (drug/natural/gambling and neutral) cues. The disparity is owing to the fact that many studies did not include controls. No study was found on the neural response patterns of exposure to drug cues in amphetamine respectively methamphetamine addicted individuals. A few studies investigated the neural cue reactivity in individuals with internet gaming addiction (Ko et al., 2013; Lorenz et al., 2013) or with respect to cybersex (Kuhn and Gallinat, 2014; Laier et al., 2014) , however there were no studies addressing the internet addiction per se. Therefore, a reliable meta-analysis of internet-and ITinduced cue reactivity cannot be conducted at the present state.
163 studies reported fMRI, 11 PET and 2 SPECT measurements of drug (alcohol, cannabis, cocaine, heroin, and nicotine), sex, food and gambling cue reactivity. On average, 68726% of the cases were male individuals (mean age: 31.475.3 years) with varying history and pattern of drug abuse. The cue-specific and overall study estimates are summarized in Table 1 and eFigure 1. Controls, when included, were most often age-and/or gender-matched psychiatrically healthy individuals. No studies reported (i) the inclusion of subjects with a psychiatric or neurological co-morbidity (except alcohol consumption and smoking) or (ii) the inclusion of subjects with current psychotropic medication use, though some studies did not report this information. The majority of the studies used visual cues, primarily pictures or videos, presented often in block design. A minor proportion of the studies used auditory cues of drug-related individualized imaginary script or interview type. A detailed survey of the methodological details of the included studies is provided in the supplements (eTable 1-3).
Representativeness of the populations
All pathological users subjected to drug cue cues fulfilled DSM-IV criteria for alcohol or drug dependence (with respect to the cue presented) and no other axis I disorders. The majority of the drug dependent individuals were nonhospitalized treatment (72%) and non-treatment seeking volunteers (11%), while the inpatients represent 17% of the study population under consideration. The groups exposed to natural cues were mostly healthy volunteers with no history of psychiatric disorders. All cases and controls included in this study were adult subjects (418 years) predominantly from high-income countries (49.7% USA and Canada, 38.5% Germany, Netherlands, United Kingdom, France, Italy and Austria, 11.7% South Korea, China and Taiwan) with varying history and pattern of drug abuse, while no conclusive deductions could be made with respect to the ethnicity.
Neuronal response patterns associated with cue reactivity
The ALE meta-analysis suggests that reactivity to drug and natural cues relates to changes in the activity of 29 and 26 clusters of brain regions, respectively (Tables 2 and 3; Figure 2A and B). Thereby, the conjunction of the ALE maps ( Figure 2C ) and clustering analysis ( Figure 2D ) suggest that both drug cues and natural stimuli induce bilateral alterations in the activity of a common network comprised by amygdala, anterior cingulate cortex, caudate head, culmen, declive, inferior frontal gyrus, inferior parietal gyrus, insula, inferior and middle frontal gyrus, parahippocampal gyrus, and substantia nigra.
This ensemble overlaps with the networks associated with reward processing (liking (hedonic) and wanting (incentive salience)) (Berridge and Robinson, 2003; Berridge et al., 2009; Haber and Rauch, 2010; Tibboel et al., 2015) , obsessive-compulsive disorders (Fontenelle et al., 2011; Gillan et al., 2015) , non-declarative memory (Squire and Dede, 2015) and subjective ratings of increased urge to perform habits through caudate hyperactivation (Gillan et al., 2015) .
In addition, unilateral (left-sided) changes in neuronal activity were induced in cingulate gyrus, lateral globus pallidus, claustrum, inferior and middle occipital gyrus, precentral gyrus, and precuneus. Since the neural reactivity to gambling cues was only investigated in four studies, the results have been investigated separately and were not integrated in the global analysis to avoid biases. The detailed outcomes of the cue-specific ALE analyses, in terms of coordinates, volume and ALE p-Value of the regions in which alcohol, cannabis, cocaine, heroin, nicotine, food, sexual, and gambling cues induced significantly different activation responses than contrasted cues as well as the ALE meta-analysis maps are presented in supplements (eTables 4-11 and eFigures 3-10).
Despite the overwhelming overlap of the reactivity patterns to drug cues, natural and gambling stimuli, the meta-analysis suggests distinct bilateral alterations in activity of brain regions uniquely associated to each cue classes. In particular, regions associated with impulsivity, impaired (cognitive) control and working memory such as caudate body, medial frontal gyrus, middle temporal gyrus, posterior cingulate gyrus and putamen respond only to drug-related cues. Thalamic pulvinar reveals a sensitivity solely to the presence of sexual stimuli most likely due to the involvement of pulvinar (especially amygdala-pulvinar pathways) in mediating response to salient visual stimuli (Morris et al., 1998) .
Sensitivity analysis
In general, no individual study affected the overall statistics. As suggested by the linear regression analyses, the number of significant clusters comprising the neural response patterns correlates positively (Pearson correlation coefficient = 0.74; R 2 = 0.54) with the number of reported foci in each study (eFigure 2A). In contrast, the topology of the neuronal response patterns indicated by the number of significant clusters shows almost no correlation (Pearson correlation coefficient= 0.007; R 2 = 0.0003) with the sample size of individual studies ( Figure 2B ). This fact further supports the statement on the robustness of the overall statistics with respect to individual study specifics.
Cue paradigm and type did not influence the results significantly. With respect to sexual orientation, the sensitivity analysis suggests a lateralization towards the left hemisphere in heterosexual individuals by cue responses in left hypothalamus, left inferior temporal gyrus, left cingulate gyrus (BA24) and left lentiform gyrus. In contrast, reactivity to sexual stimuli in homosexuals showed a clear tendency towards the right hemisphere by exclusive neural response of right inferior frontal gyrus (BA47), right inferior parietal lobule (BA40), right anterior cingulate gyrus (BA32), right middle occipital gyrus (BA19), right middle frontal gyrus (BA8), and right hippocampus. However, the unilateral activations associated with sexual orientation did not influence the statistics for the natural cue reactivity as a whole.
Gender seems to impact on neural cue reactivity. Thus bilateral cue reactivity to drug cues in culmen and caudate body is exclusively present in male drug dependent patients. In addition, the bilateral response of insula to natural stimuli appears to represent a further male-specific neuronal reaction, whereas the bilateral activation of anterior cingulate cortex is rather a feature of female cue reactivity. These results of the sensitivity analysis suggest the existence of gender-specific components in neuronal cue reactivity.
Since reactivity to natural cues is predominantly investigated in healthy individuals and may differ from neural cue reactivity in patients with no or a higher urge for the unconditioned stimuli (Wilson and Sayette, 2015) , further sensitivity analyses were conducted with respect to the body mass index (BMI) as an indicator of eating disorders (Anorexia nervosa vs. obesity). The post-hoc analysis with respect to the BMI suggests a specific association of reactivity to food cues in anorexic patients with right occipital gyrus response (BA19) identified as a cluster of 648 mm 3 volume (corrected p-Value: 0.01) centered at (34, À71, À 13). In contrast, reactivity to food cues in obese individuals reveal a unique cluster of 728 mm 3 volume (corrected p-Value: 0.01) centered at (À 24, 32, À36), indicating a unique response in left inferior frontal gyrus (BA47).
However, the low number of studies investigating sexual cue reactivity in patients with risky and compulsive sexual behavior does not allow any definitive conclusions and the present analysis strongly emphasizes the need for additional studies in this field for more accurate comparisons of drug and sexual cue reactivity patterns. 
Discussions
The present study provides to our knowledge the first metaanalytic evidence on the largely overlapping but also distinct neural basis of cue reactivity to drug, natural and gambling stimuli. In particular, independent of the cue type or paradigm, exposure to rewarding conditioned stimuli alters the activity of a brain network that significantly overlaps with neurocircuitries associated with reward processing (liking (hedonic) and wanting (incentive salience)) (Berridge and Robinson, 2003; Berridge et al., 2009; Haber and Rauch, 2010; Tibboel et al., 2015) , non-declarative memory (Squire and Dede, 2015) , obsessive-compulsive disorder (Gillan et al., 2015; Squire and Dede, 2015) , habit learning (Callu et al., 2007; Gillan et al., 2015) , and selfcontol (Tang et al., 2015) . Neural substrates of cue reactivity to not only drugs but also natural cues are overlapping with neuronal networks associated with motivational, learning and affective components of reward processing. In particular, the bilateral activity changes in subcortical components of the reward pathway (amygdala, striatum and substantia nigra) suggest a direct involvement of incentive salience for conditioned rewarding stimuli (Berridge and Robinson, 2003; Berridge et al., 2009) .
Non-declarative memory (also termed as implicit memory) refers to a collection of abilities that are expressed through performance without requiring conscious memory content. Non-declarative memory includes skills and habits, simple forms of conditioning, priming, and perceptual learning, as well as phylogenetically early forms of behavioral plasticity like habituation and sensitization. Thereby, it relies on a neural network comprised by striatum (for procedural tasks; i.e., skills and habits), amygdala (for emotional responses) and cerebellum (for skeletal responses) (Fontenelle et al., 2011) . The present meta-analysis suggests the involvement of these brain areas for cue reactivity. Consequently, a main component of cue reactivity and cue-mediated craving relates to the non-declarative memory. In other words, craving expressed in measurable terms is partially defined by an unconscious response to an event for which the individual has already been emotionally and procedurally conditioned. While the neurocircuitry of non-declarative memory provides an anatomical structure for reactivity to cues, it does not yet explain the magnitude of response in terms of urge and loss of control. This aspect appears to rather relate to the processing of aspects of obsessive-compulsive behavior. In particular, the hyperactivation of caudate is associated with subjective ratings of increased urge to perform habits (Gillan et al., 2015) in obsessive-compulsive disorders, which is also shared with the neural response pattern of cue reactivity.
However, despite this largely overlapping cuemediated neural response patterns to all kind of rewards, our meta-analyses, conjunction and cluster analysis also revealed cue reactivity in a bilateral network comprised by medial frontal gyrus, middle temporal gyrus and posterior cingulate gyrus exclusively related to drug stimuli. Further analysis of the role of these brain areas in behavior and cognition of addicted subjects may shed (Tang et al., 2012) . Furthermore, the urge intensity as a possible defining feature of craving (Wilson and Sayette, 2015) could not be considered in the meta-analyses due to the lack of data. However, the present study provides quantitative facts by improving our understanding of the neural basis of cue reactivity and thereby also contributes to a better definition of cue-mediated craving. Second, the present meta-analysis was necessarily limited to functional neuroimaging experiments. Hence, the spatiotemporal scale of consideration does not allow any interpretations of the underlying synaptic and molecular mechanisms. Third, because the application of neuroimaging methods to investigate cue reactivity is a rapidly evolving field, standards for data acquisition and processing varied among the studies. The quality scores of the reviewed studies (Stroup et al., 2000; Sanderson et al., 2007; Poldrack et al., 2008 ) (Supplement eTable 1-3) also suggest that the quality of reporting the methodological details of the included experiments varied considerably. While our sensitivity analysis does not show any significant impact of cue paradigm (block design vs. event-related), other methodological factors may still have an influence on the results. Unfortunately, it was not possible to test the moderating effects of such variables because of the low number of studies within methodological categories and/or lack of reporting the details, but these effects merit future investigation. Forth, the meta-analysis suggests the sensitivity of cue reactivity observations to gender of the individuals under investigation. In particular, the sexspecific responses in functionally critical brain regions such as insula and anterior cingulate gyrus may have significant implications for the clinical interpretation of the present study but also suggest a special attention towards gender in future cue reactivity studies.
In summary, the present meta-analysis suggests that the neural substrates of cue reactivity to alcohol, drugs of abuse, food, sex and gambling is expressed by a network comprised by areas regulating emotional responses (anterior cingulate and insula) and regions responsible for formation of habits (dorsal striatum and cerebellum), and self-control (anterior cingulate, adjacent prefrontal cortex, and striatum). Thus cue-mediated craving involves mechanisms that are not exclusive for AUD and SUDs but rather resemble the intersection of information pathways for processing reward, emotional responses, non-declarative memory and obsessive-compulsive behavior. Assuming that neural cue reactivity represents a measurable dimension for cue-mediated craving, our results suggest that in addition to its ambiguous definition, cue-mediated craving does not exclusively relate to drug rewards but also to gambling and natural rewards. Therefore, we suggest that craving is not a distinct diagnostic criterion in DSM-5 it seems to be, at least on the neurobiological level, a psychological phenomenon that can occur in conjunction to any given reward. . Caudate body, medial frontal gyrus, middle temporal gyrus, posterior cingulate gyrus and putamen respond only to drugrelated cues (A) whereas thalamic pulvinar reveals a sensitivity solely to the presence of sexual stimuli (B). The conjunction of the response maps to drug and natural cues shows bilateral alterations in the activity of a common network comprised by amygdala, anterior cingulate cortex, caudate head, culmen, declive, inferior frontal gyrus, inferior parietal gyrus, insula, middle frontal gyrus, parahippocampal gyrus, and substantia nigra. Furthermore, unilateral (left-sided) changes in neuronal activity were induced in cingulate gyrus, lateral globus pallidus, claustrum, inferior and middle occipital gyrus, precentral gyrus, and precuneus (C). Cluster analysis applied on response maps to drug and natural cues further supports the identified network structure and suggests the robustness of bilateral responses by insula, anterior cingulate cortex, amygdala and caudate head (D).
